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The physiological demands of tennis are well published (see reviews by 
Kovacs, 2006 and Fernandez et al., 2006) and vary between standard of 
player (Bernardi et al., 1998), surfaces played on (Hughes and Clarke, 1995) 
and playing styles/strategies (Hughes and Moore, 1998). In addition to the 
physically demanding aspects of tennis, another major challenge presented to 
players is the environment. Heat, and dehydration in particular, present 
major obstacles to performance (Marks et al., 2004). Dawson et al. (1985) 
observed that professional tennis players, competing in year-round tourna-
ment calendars, participate in a wide variety of climatic conditions from cool 
and dry conditions to hot and/or humid conditions. 
For many players, life on the professional circuit is difficult. Unlike major 
tournaments, such as the Grand Slams, where players may have a day's rest 
in-between to recover from their matches (if they are only playing singles), for 
players participating in lower tiered events run by the International Tennis 
Federation (ITF) which includes Satellite, Challenger and Futures events, it 
is common to be playing on a daily basis. Adding further difficulty, timing of 
matches is unpredictable and in some cases a player may have to compete 
in several matches a day. For these players, issues of heat adaptation and 
hydration practices are important. 
The ITF and a number of National Tennis Federations have adopted pol-
icies for hot conditions whereby play will be suspended when the dry bulb 
globe temperature (ambient temperature) and wet bulb globe temperature 
(heat stress) reach a particular limit. These heat policies have been developed 
from generic sports medicine and military research data (Sparling and Millard-
Stafford, 1999; Bricknell, 1996). Given that these heat policies are based on 
generic data, and with recent cases of players suffering from heat stress dur-
ing professional tournament play, the need to develop tennis-specific guide-
lines has been raised by the ITF Medical Commission. To date, research in 
thermoregulation and hydration practices specific to tennis has only been 
conducted under simulated tennis conditions (Dawson et al., 1985; Bergeron 
et al., 1991; Kavasis, 1995; Therminarias et al., 1995; McCarthy et al., 1998). 
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Therefore the purpose of this study was to examine core temperature 
responses and hydration status measured in professional touring players dur-
ing live tournament conditions. 
Methods 
Participants 
All professional tennis players who entered ITF and Tennis Australia sanc-
tioned professional tournaments in South Australia and Victoria, Australia, 
in 2004 and 2005 were invited to participate in the study. Eleven players (three 
male, eight female; aged between 19 and 30 years of age) participated. All 
methods were approved by Victoria University Human Ethics Committee and 
the ITF Medical Commission. Data were collected over three tournaments 
played on hard courts. 
Testing 
Measurement of environmental conditions (ambient temperature as meas~ 
ured by dry globe bulb temperature (DBGT); relative humidity (RH); and 
heat stress as measured by wet bulb globe temperature (WBGT)) were 
conducted using an environmental measurement monitor (Kestrel 3000, 
Nielsen-Kellerman, USA). For regional tournaments where continuous on-
court measurements were not taken, measurements were obtained from the 
Melbourne and Adelaide Bureau of Meteorology at the weather station clos-
est to the tournament site. 
Hydration status was measured using a hand-held refractometer (Atago 
Co., Japan) presenting a measure of the player's urine specific gravity 
(g.mt1). Players provided a 'clean-catch' (mid-stream) sample pre- and post-
match. Body mass before and after the match were measured to the nearest 
100 g using scales which were calibrated daily during the events. 
Each player's internal core temperature was measured via ingestion of a 
CorTempl76 core body temperature sensor pill (Figure 2.1). The sensor pill 
transmitted the player's core temperature and measured by CorTempl 76 
wireless telemetry system during the 90-s change of ends when players were 
seated. The measure of progressive core temperature was taken without dis-
turbing the players during their rest time (Figure 2.2). Due to small numbers 
of subjects participating in the study, descriptive statistics are presented as 
means and standard deviations. 
Results 
The time duration of matches recorded during the tournaments ranged 
from 50 min to 160 min. No players experienced any form of heat illness 
during the tournaments nor adverse affects from swallowing the temperature 
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Figure 2.1 Core body temperature sensor pill. 
sensor. Of the 11 players participating, five progressed past the first round, 
with three of these players participating in three or more consecutive rounds. 
Environmental conditions 
The environmental conditions varied throughout the three tournaments. 
On-court ambient temperature DBGT recorded during all tournaments 
ranged between 17 and 38°C. However, only one of the days, in all three 
tournaments, saw ambient temperature exceed 35°C. Heat stress, measured 
by WBGT, ranged from 10.8 to 29.0°C with WBGT exceeding 28.0°C on the 
same day as ambient temperature exceeded 35°C. Relative humidity ranged 
between 14 and 93 per cent. 
Hydration status: urine specific gravity and body mass 
Pre-match hydration measures ranged between 1.003 to 1.024 g.m1-1 (mean 
1.014 ± 0.008 g.ml-1) with post-match measures ranging between 1.004 to 
1.025 g.mi-1 (mean 1.012 ± 0.010 g.m1-1). Table 2.1 presents individual 
pre-match and post-match hydration levels. In five of the matches players 
presented with decreased hydration status post-match (range 0.004 to 
0.013 g.ml-1) , however, in four matches players presented with an increased 
hydration status post-match (range 0.005 to 0.017 g.mI-1). Three matches 
showed no change in hydration status. 
The change in body mass (Table 2.2) from before to after matches ranged 
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Figure 2.2 Measurement of a player in-match during change of ends. 
from 2.9 per cent deficit to 2.0 per cent increase pre- and post-match (mean 
0.09 ± 1.28 per cent deficit). Analysis of individual matches showed that 
in five matches, players lost weight (range 0.27 per cent to 2.9 per cent of 
body weight). In eight matches players showed increased weight post-match 
(range 0.15 per cent to 2 per cent), and in two matches no change was 
observed. 
Core temperature measures 
All players experienced an increase in core temperature during the match 
ranging between 0.1 to 2.3°C (Table 2.3). Individual analysis showed little 
correlation between the ambient temperature and a player's mean core tem-
perature (r = -0.28). 
Four of the five players showed an overall trend of increased mean core 
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Table 2.1 Hydration status as measured by specific gravity (g.ml-1) 
Subject Round 1 Round2 Round3 Round4 
Pre Post Pre Post Pre Post Pre Post 
1 1.014 NIA Out of tournament 
2 1.015 1.028 Out of tournament 
3 1.014 1.020 1.020 1.025 Out of tournament 
4 1.004 1.004 Out of tournament 
5 1.004 1.004 Out of tournament 
6 1.020 1.025 1.015* NIA 1.015 1.005 1.015* NIA 
7 1.024 1.007 1.003 1.007 1.017 1.007 Out of 
tournament 
8 1.005 1.005 Out of tournament 
9 NIA NIA Out of tournament 
IO NIA Out of tournament 
11 NIA 1.025* NIA 1.025 
Notes: NIA refers to players unable to provide a urine sample 
* Rain delay affected post-match hydration status results 
1.020 1.025* NIA 
Table 2.2 Hydration status as measured by changes in athlete body mass (kg). A 
negative number represents a loss in body mass; a positive number represents a gain in 
body weight 
Subject Round 1 Round2 Round3 
1 NIA* Out of tournament 
2 0.0 Out of tournament 
3 0.2 0.3 Out of tournament 
4 -0.2 Out of tournament 
5 0.2 Out of tournament 
6 -0.3 NIA* 1.35 
7 1.0 0.0 0.5 
8 0.5 Out of tournament 
9 -1.4 -0.8 Out of tournament 
10 -2.6 Out of tournament 
11 NIA* NIA* 0.5 
Notes: NIA refers to players did not provide body mass sample 
* Rain delay affected post-match body weight results 
Round4 
NIA* 
Out of tournament 
NIA* 
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Table 2.3 Core temperature at match start, peak and mean core temperature during 
player's first match across three tournaments 
Subject Core temperature - Core temperature - Core temperature -
match start (°C) peak (°C} mean (°C) 
1 37.2 39.5 38.5 
2 38.1 38.6 38.4 
3 37.9 38.5 38.0 
4 37.6 37.8 ' 37.7 
5 38.3 39.1 38.8 
6 37.1 37.8 37.3 
7 38.4 38.5 38.4 
8 37.7 37.8 37.7 
9 37.3 38.7 38.0 
10 36.4 37.4 36.6 
11 37.3 39.6 38.1 
Table 2. 4 Mean core temperature responses in five players who progressed past the 
first round 
Subject Round 1 (°C) Round2 (°C) Round3 (°C) Round 4 {°C) 
3 38.04 37.43 Out of tournament 
6 36.82 38.00 38.22 38.68 
7 38.44 38.57 39.68 Out of tournament 
9 37.99 38.76 Out of tournament 
11 NIA 38.15 36.44 38.59 
Note: NIA- not available. 
temperature in the preceding day's matches (Table 2.4). Of the nine matches 
where core temperature was recorded, seven caused an increase in mean core 
temperature compared to the previous day's match. 
Discussion 
This study is the first to present core temperature and hydration status data 
from professional tennis players under live competitive tournament playing 
conditions. All players who participated in the study were provided with a 
personalized report of their hydration status and core temperature results 
from the matches) played. 
The results suggest that despite inadequate pre-match and during-match 
hydration status in some players, players involved in 'singular' matches 
(where players are playing in their first match and/or only play one round) 
20 A. J. Pearce 
did not present with extremely elevated core body temperatures. Players 
who progressed through several rounds showed an increased mean core 
temperature compared to their previous match (in all but two matches) not-
withstanding on-court environmental conditions. 
Given the nature of professional tennis tournaments where players are not 
fully aware of when they are playing (organizers schedule matches in order of 
play on each court rather than to time), standardization issues such as provid-
ing a urine sample, and the ingestion of the temperature sensor contributed 
to missed data points. Further, several athletes who initially volunteered for 
the study withdrew prior to the tournament or in the initial stages of their 
first match due to injury. 
Studies simulating tennis play (Dawson et al., 1985; Bergeron et al., 1995; 
McCarthy et al., 1998) have shown decreases in body weight that suggest 
dehydration. However, in this study an increase in body mass and improve-
ment in hydration status was observed in a number of players. Four players 
started their matches in a dehydrated state, defined by Stuempfte and Drury 
(2003) as urine specific gravity > 1.020, and hydratied during changeovers in 
the match. Despite numerous articles on athlete hydration in the coaching and 
sports science literature (Groppel, 2002; Mannie, 2004; Armstrong, 2006), 
eight of the eleven players participating in the study admitted they were 
unaware of their hydration status or admitted they did not prepare properly. 
Core temperature results from single and/or first round matches were simi-
lar (or slightly lower) to those reported by Dawson et al. (1985) and Thermi-
narias et al. (1995), being 38.4°C in college and intermediate level players 
respectively. The trend of increasing mean core temperatures in players in 
progressive matches needs to be further explored. 
Further study and data collection of players' core temperature and hydra-
tion status needs to be conducted under live tournament conditions where 
valuable ranking points and prize money are at stake. More importantly 
research must continue with a view to obtaining thermoregulatory data on 
days of extreme and stressful heat as the current study was limited in the 
actual temperature range in which data were collected. This would allow for 
meaningful and specific evidence-based data to assist the ITF, WTA/ATP and 
tennis federations in determining and regulating player heat stress, and the 
development of appropriate and tennis-specific heat policies. 
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